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SUMMARY 

An investigation of the longitudinal trim and drag chmacter is t ics  
of two airplane  configurations through the  transonic speed range i s  
discussed. One configuration employed a , t h i n   s t r a i g h t  wing and t a i l  
and the  other  incorporated a thicker 35' sweptback w i n g  and  a 46' swept- 
back tail' mounted on the same fuselage-f in arrangement. 

Both configurations  experienced a n  abrupt  longitudinal t r h  change 
and a large  rapid  drag rise in  traversing  the  transonic speed  range. , 

The c r i t i c a l  Mach  nrrmbers for   the  two configurations were approxFmately 
the m e .  

Longitudinal  control by means of the  horizontal   s tabi l izer  a-ppeared 
t o  be feasible throughout the q e e d  range of the   t es t s .   Sh i f t s  i n  
maneuver-point location were indicated.  for  both  configurations in  the 
transonic speed  range. 

WIIIRODUCTCION 

Longitudinal trlm and drag  characterist ics in the transonic speed 
range are of  par t icular  importance t o  airplane  designers. The Langley 
Pilotless  Aircraft  Research  Division has obtained data of t h i s  type for 
various  configurations by means of rocket-propelled models. Data from 
two configurations were reported in  references 1 and 2. In the  present 
investigation two. other  configurations are covered. One configuration 
had a 6-percent-thick  straight wing and tail while the  other had a 
thicker sweptback wing and t a i l  mounted on the same fuselage-f in 
arrangement. For each  configuration the effec t  of center-of-gravity 
location and of stabil izer  incidence was investigated. 
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SYMBOLS 

mm RM ~9122 

an normal acceleration,  feet per second per second 

@; gravitational  acceleration, 32.2 f ee t  per second per second 

e it stabil izer  incidence  relative t o  fuselage  center L i n e ,  degrees 

dynamic pressure, pounds per square foot 

t time, seconds 

?e t o t a l  pressure, .pounds per square f cot or  pounds per square 
inch 

M Mach  number 

S w i n g  area, square f e e t  

V velocity, feet per second 

W w e i g h t ,  pounds 

Y angle of tangent t o   f l i g h t  path from horizontal,  degrees 

The general arrangement of the models is  sham in figures 1 and 2 
and the  detailed dimensfane of both  configurations are l i s t e d  in 
table I. 

The models were constructed  mainly of wood. The fuselage was balsa 
and hardwood w i t h  the exception of the nose section which was a 
detachable  metal housing f o r  instruments. "he wings and horizontal 
s tab i l izer  were made of laminated spruce with a,lUum plates  attached 
for  addltional  strength and stiffness.  

. 
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The models were boosted by standard 3.25-inch solid-fuel rocket 
mtors producing 1800 pound-seconds t o t a l  impulse and sustained by 
modified  3.25-inch rocket motors producing 1690 pound-seconds total .  
impulse. The models  were launched from a zero-length  launcher as 
shown in figure 3. 

The in s tmen ta t ion  used to obtain the data was both internal and 
external t o  the model. Internal  instrumentation  consisted of a staadard 
NACA two-channel telemeter, a normal. accelerometer, and a total-pressure 
pickup. The telemetered h t a  were received and calibrated at two 
separate ground receiving  stations. In addition, a CW Doppler radar 
unit was used to  obtain  flight-path  velocity, a modified SCR-584 tracking 
radar unit gave range and altitude  values, and a standard  radiosonde 
recorded  atmospheric data through the  alt i tude range. 

TEST AND ANALYSIS PROCEDURE 

Tests 

The t e s t  technique employed consisted of obtaining contFnuous 
records of variation of normal force w i t h  Mach number for a series of 
stabilizer  incidences and center-of-gravity  positions on each of the  
two configurations. The stabilizer  incidences and center-of-gravity 
positions  investigated are l i s t e d  in the following table: 

CONFIGURATION PARAMETERS VAEiIED 

I Straight Sweptback wing 

it c . g .  
(deg ) (percent M. A. C. ) 

3.5 

18 1.9 

18 3.6 

0 1.9 

0 

25 2.2 

25 3.7 
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A L L  the useful data on the models were obtaFned during  the 
decelerating  part of  the f l i g h t  fonowhg  sustaining rocket-motor 
burnout.  Figure 4 shows a portion af a typical  time-history  record of 
normal acceleration asd total   pressure.  

The Doppler radar unit  obtained  velocity dur ing the e&ly portion 
of the flights. Throughout the flights, Mach  number and dynamic pressure 
were obtained from total   pressure and free-stream  static  pressure. Mach 
number and dynamic pressure were. ccmzputed from the relationships  given 
in  reference 1. The total   pressure was obtained f r o m  the  telemeter 
record and the free-stream stat ic   pressure was obtained fram 
SCR-584 a l t i tude  data and radiosonde stat ic   pressure  against   a l t i tude . 

data. 

. 

The Reynolds ambers based on the mean aeroaynamic chard of the 
wing ranged from approxhmtely 5 x 10 at M = 0.80 t o  approxi- 
mately 8 x 10 a t  M = 1.20 fo r  the sweptback-wing configuration. 
Corresponding  values f o r  the straight-wing  configuration were 
about 4.5 x 10 and 7 x 10 . 

6 
6 

6 6 

Accuracy 

The limits of accuracy are not mown precisely; however, i n  general, 
the following l h i t s  are believed  to hold. A telemetered  quantity may 
be in  error  by 2 percent of the total calibrated  instrument.  range. The 1 

full-scale ranges of the models were 40g fo r  the n o d  acceleration and 
35 pounds per square  inch for the  total  pressure,  thus  the  absolute 
values of these  quantities should be correct  with 0.8Og and 0.70 pounds 
per square  inch,  respectively.  Experience +s shown that the Mach 
m b e r  obtained by the Doppler radar is accurate t o  the order of 1 per- 
cent for  nonmaneuvering models. Using this Mach nunber as a check on 
the  total-pressure Mach number it T6 believed that the Mach number 
obtained  for the models during  decelerating  flight is  correct within 
2 percent in the  region near €4 =1.00. The accuracy is  somewhat bet ter  
a t  the higher Mach numbers and somewhat less at the lower Mach numbers. 

" 

Motion-picture  records showed that some of the models rolled  during 
f l i gh t  and it was f e l t  that the  longitudinal data might be affected by 
the  rolling..  Analytical  investigation by the method of reference 3, 
however, indicated a negligible  effect of the low roll ing  velocit ies on 
the longihdina l  characterist ics of the models. 

. 
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Analysis 

5 

. 

The normal-force data obtained from a given model were converted 
t o  a variation of  normal-force coefficient with Mach number t o  show the 
trim changes of the  configurations. From these data on models with 
different  stabil izer  deflections and cent,er-of  -gravity  positions, a 
meaeure of the  control  effectiveness and maneuvering s t a b i l i t y  m s  
obtained by the method of reference 1. The variation of the  drag 
coefficient Wth Mach number WES obtained by different ia t ing the Mach 
number-time cu rves .  

RESULTS AlJD DISCUSSION 

Longitudinal Trim 

The trim normal-f orce  coefficients  obtalned  for  different 
s tabi l izer   hcidences and center-of-gravity  locations as functions of 
Mach number are shown in   f igure 5 f o r  the straight -wing configuration 
and figure 6 f o r  the sweptback-wing configuration. Both models showed 
appreciable changes i n  normal-force coefficient while traversing the 
transonic speed range. The magnitude of the trim change varied con- 
siderably with both  center-of-gravity  location and stabilizer  incidence. 

The straight-wing  configuratiop  indicated a nose-down pitchlng 
tendency a t  M = 0.80, .particularly when the m o d e l  was trirmned f o r  
positive lift at subsonic  speeds (it = 0.4' for  18 percent  center of 
gravity,   f ig.   5(b)).  This nose-down tendency was followed by e r r a t i c  
changes In the  region between M = 0.93 a n d ,  M = 0.99. Near M = 1.00, 
a sharp nose-up pitching  occurred and was followed by a leveling off 
and a gradual nosedown  tendency. The sweptback-wing configuration had 
similar trim changes; however, the nose-up pitching tendency 
near M = 1.00 was not  quite so shar-g as f o r  the straight wing. 

The wind-tunnel configuration of reference 4 was similar to   the 
sweptback configuration agd differed on ly  i n  sweepback of the  horizontal 
s tab i l izer  and relative  fuselage-base area. Deta from this reference 
were used t o  compute. the  variation of no&'-force coefficient w i t h  
bfach number a t  a center-of-gravfty  position of. 18 percent mean aero- 
Qmamic chord with stabllizer deflections of 1.g0 and 3.60 t o  correspond 
t o  conditions f o r  the rocket-model tests. The indicated  variations 09 
trim of the wind-tunnel model were' quite similar t o  those of the rocket- 
propelled models and are shown i n  figure 6(b). The fact that the 
rocket-model tests showed the same shape of trim normal-force-coefficlent 
curve as the wind-tunnel tests indicates that the free-flight tests, i n  
sp i te  of the  deceleration  existing,  provided  essentially  steady t r i m  
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conditions, An analysis of the  transient response f o r  a rocket model 
of this general  type  (reference 1) indicated that the trim angle of 
attack would  be maintained within O.lOo. 

The changes i n  normal-force coefficient  with Mach number indicated 
by these t e s t a  are  functions of both the variations In longitudinal 
s t ab i l i t y  and pitching-moment coefficient at zero l i f t  for  a given 
s tabi l izer   set t ing and center-of-gravity  locatiun. F r a t  these data 
alone it is not  possible t o  isolate  the two effects .  The changes i n  
s t a b i l i t y  may or may not accentuate  the  effects of the changes i n  
pitching-moment caefficient. In fact ,  it may be possible f o r  the  two 
ef fec ts  t o  counteract  each  other; for example, an increase i n  pitching- 
moment coefficient combined with = increase  in   s tabi l i ty  could elimi- 
nate  the shactp change In trim near M = I. .OO. 

Control  Effectiveness and S t a b i l i t y  

A measure of the stabi l izer   effect iveness   in  changing trim l i f t  
coefficient of the model ACm/Ait was obtained for each center-of- 
gravity  position and i s  plotted  against Mach  number in  figure 7 for  the 
straight-wing  configuration and i n  figure 8 f o r  the sweptback-wing 
configuration. Similar results from reference 4 are shown in  figure 8(b) 
for canparison. This parameter i s  direct ly   proport ional   to   the  abi l i ty  
of the  horizontal   stabil izer  to produce  a pitching moment and inversely 
proportional to the  longftudinal  stability. Thus the variations 
indicated in aCN/Ait with Mach number are  the combined effect  of 
s t ab i l i t y  changes and changes Fn the  effectiveness of the  stabil izer 
t o  produce moment. 

Ca,lculatims  based on methods derived in reference 5 indicated 
stabilizer  incidences  required t o  overcome curvature of the  f l ight  
path which were within  the limits of experimental  accuracy 60 no attempt 
vas made t o  I so la te   th i s   e f fec t .  

The location of the maneuver point with  respect t o  the  center of 
grav i ty   i s  an indication of  the degree of longitudinal  stabil i ty.  In 
the  present  investigation  the  locations of the maneuver points were 
determined by plott ing A i t / A Q  for each center-of-gravity  location 
tested  against  the  center-of-gravity  location and by extrapolation 
determining  the  center-of-gravity  position  necessary t o  make Alt/ACm 
equal  zero, The variation of the maneuver point  with Mach number 
determlned by t h i s  method is  given for both  configurations in figure 9.  - 

Figure  g(b) shows the comparative resu l t s  of reference 4. Unfortunately, 
the   e r ra t ic  and abrupt changes i n  trim made it fmposeible t o  determine 
the maneuver point by t h i s  method. In the region  near M = 1.00. 

. 
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For the sweptback configuration there was a large rearward shift 
of the  maneuver point from 36 percent mean aerodynamic chord at M = 0.82 
t o  96 percent mean aeroaynamic chord at M = 1.14. As the Mach  number 
increased further there was a slight forward movement.  The  maneuver 
point on the straight-wing  configuration moved rearward from 34 percent 
mean aerodynamic chord a t  M = 0.80 t o  54 percent mean aerodynamic 
chord a t  M = 0 . 9 .  A t  M = 1.05 the maneuver point had moved forward 
t o  46 percent mean aerodynamic chord and at M = 1.18 had returned t o  
the M = 0.80 value of 34 percent mean aerodynamic chord. At  M = 1.20 
another rearward s h i f t  was indicated.  This  variation of maneuver-point 
location f o r  the straight-wing'conf'igration is  consistent with the 
variation  noted in reference 6. 

Ln light of the indicated  'vaziations of the maneuver points, it 
would seem that the  rather  large  decreases of stabil izer  effectiveness 
i n  producing l i f t  A Q / A i t  are, i n  the  case of the swept configuration, 
due pr imwily   to  an increase i n  stability. For the straight configura- 
t i on  the stability was approximately the s8me et M = 0.80 aml M = 1.18 
so the decrease fn ACH/Ait i n  this range  indicates  appcrent  large 
lo s ses   i n  t a i l  effectiveness  in producing  pitching moment. 

Application t o  a Full-Scale Airplane 

In order to   evaluate   the trim changes and control  effectiveness, 
the aerodpamic parameters derived f r o m  the data have been appl ied  to  
an assumed ful l -scale  airplane. The assumed conditions  for  both con- 
figurations are a wing loading of 63 pounds per square  foot, f l ight  
a l t i tude  of 37,OOO f e e t ,  and a center of gravity of 18 percent man 
aerodynamic chord. 

In order t o  show the   e f fec t  of  the trim change, the  airplane was 
assumed t o  have the s tabf l izer  trinrmed fo r   l eve l  flight a t  M = 0.80 
and held  fixed a t  this condition while traversing  the  transonic  region. 
Figure 10 gives the maximum normal acceleration  for the s t ra ight  con- 
figuration which was about 1.2g at M = 1.05. The maximum norm&l 
acceleration for the sweptback configuration w a s  about l.gg at M = 1.2. 
These max€mm accelerations  could be tolerated by both  pi lot  and airplane. 
In actual f l ight these accelerations  could be reduced by appropriate 
trFmming. The stabilizer incidence for   l eve l  flight through the tran- 
sonic  region is shown for  both  configurations in figures 11 and 12. The 
maximum var ia t ion  required  in   s tabi l izer  setting w a s  small for  the 
straight  canfiguration, being of the order of lo, whersas t h e  aweptback 
configuration had variations  over a 3O range. Both configurations 
indicate  unstable and errat ic   var ia t ions of s tab i l izer   for  trim with 
Mach number in  the  region between M = 0.85 and M = 1.00 necessitating 
rapid  control movement t o  maintain  the t r i m  a t t i tude.  T r i m  data from 
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the wind-tunnel t e s t s  of reference 4 are also shown on figure l2 (b ) .  
These data indicate less movement of the stabil izer  required f o r  level  
flight than the rocket model but are in the same direction. 

The stabilizer maneuvering effectiveness as given by-the 

parameter i s  given in figure 1 3  fo r  both  configurations. 
Mt- 

. .  

The drag coefficient as a functfon of Mach  number i s  shown i n  
figure 14  fo r  the straight-wing  configuration. Simllar results arre 
shown for  the sweptback configuration. i n  figure 15. These values of 
drag  coefficient correspond to  the  values of no--farce coefficients 
given i n  figures 5 and 6. 

For both  configurations, a marked drag r i s e  is indicated 
at M = 0.90 r i s ing   t o  a maximum value of approximately 0.080 for  the 
straight configuration and 0.075 fo r  the sweptback configuration at 
nearly  zero lift. The drag rise i s  s l ight ly  more abrupt for the 
straight configuration. These drag  coefficients are of the order of 
magnitude which might be expected from consideration of the result8 of 
previous rocket-model and wind-tunnel tests of sirnil& fuselage-wing 
combinations.  Apparently the sweepback of 35O combined with a more 
favorable  location on the  fuselage  counteracted  the  effect of increased 
thickness  used i n  the sweptback configuration as com$ared w i t h  the 
straight configuration. 

The variation of drag due t o  l i f t  was found t o  be i n  the right 
direction  but, inasmuch as the lift developed was rather low, the actual 
d u e s  of drag increments due t o  lift were within  the  experimental 
accuracy and therefore were not  evaluated. 

CONCLUSIONS 

From the rocket-model flight t e s t s  of two airylane  configurations; 
one having a thin  s t ra ight  w i n g  and t a i l  and the other  incorporating a 
thicker sweptback wing and t a i l ,  at low lift coefficients the following 
conclusions may be drawn: 

1. Both configurations  exhibited erratic and abrupt  longitudinal 
trim change6 i n  the transonic speed range. The trim changes when 
converted t o  a full-scale-airplane  condition were of suff ic ient ly  low 
magnitude that flight through the  transonic speed  range  could be 

. .. 

. .  
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accomplished w i t h  the stick held fixed fo r  trim level flight at a Mach 
number  of 0.80 without  experiencing  accelerations greater than 2g. 

9 

2. The horizontal   stabil izer w a s  found t o  be an effective  device 
f o r  changing trim l i f t  coefficients of both  configurations  throu& the 
Mach number range tested.. 

3.  Both configurations  exhibited shifts in maneuver-point location 
i n  the transonic  speed  range. The maneuver-point loca t ion   for  the 
straight-wing  configuration had returned t o  the subsonic  value at a Mach 
Rumber of 1.18 while for the sueptback-wing configuration it was 56 pkr- 
cent of the mean aerodynamic chord r e w a r d  of the subsonic value at the  
same Mach number. 

4. The two configurations  experienced large drag Fncreases i n  the 
transonic speed range of similar magnitude. 

Langley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeromutics 

Langley Air Force Rase, Va. 
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I Straight wing  Swept  wing 
I 

uselage : 
Over-all length, in. . .  
Maximum diameter, in. . 
Fineness r a t io  . . . . .  

'ing : 
Root a i r foi l   sect ion 
Tip airfoi l   sectfon 
Angle of I incidence, 

degrees . . . . .  
Dihedral,  degrees . 
Twist, degrees . . .  
Sweepback, degrees . 
Aspect ra t io  . . .  
Taper r a t i o  . . . . .  
Mean aerodynamic 

chord, in. . . .  
Tota l  span, in. . .  
Area (including 

fuseage ) square 
fee t  . . . . . .  

NACA 65-006 . .  NACA 65-006 
aNACA 631-010 
&NACA 631-012 

. .  0 3 . .  0 -3 . .  0 0 . . o of 50 percent. chord 35 of 30 percent chord . .  4.00 3.53 . .  0.50 0.57 

=I . .  
. .  I 2.641 

11.30 
38.84 

2 -97 

!ail : 
Airfoil  section . . . .  NACA 65-006 aNACA 631 -010 
Dfhedral angle, 

degrees . . . . . . .  0 0 
Sweepback, degrees . . 0 of 50 percent chord 46 of 30 percent chord 
Aspect ra t io  . . . . . .  4.13 3.58 
Taper r a t io  . . . . . .  0.50 0.50 
Mean aero-c chord, - 
Area, square fee t  . . .  0.68 0.68 
T a i l  height, chords 

above w i n g  chord 
plane  extended . . .  0.65 0.65 

Tail len&h, chords . . 2.3 2.7 

in.... . . . . . .  5.06 5.42 
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Figure 2.- Geperal. arrangement of t h e  w e p t  conf&uration. A l l .  dimeneiona in inchea. 

. .. . 
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Figure 3 .  - Photographs of models on launcher. - 
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(b) Sweptback-wing configuration. 
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Figure 4.- 'sypical telemeter time-history record. 
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Figure 5.- Variation of trim normal-force  coefficient with Mach nmiber 
for the straight-wing  configuration. 
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Ffgure 6.- Variatlon of trim  normal-force  coefficient with Mach nuniber 
for  the mptback-wing configuration. 
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Figure 7.- Variation of the  stabilizer-effectiveness  paremeter Q/Ait 
with Mach mmfber for the straight-wing  configuration. 

.8 A 0  A 2  
M 

/c/ c.9- df C225MA.C. 

Figure 8.- Variation of the  stabilizer-effectiveness  parameter -/Ai* 
with Mach number  for the sweptback-wing  configuration. 
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Figure 9.- Variatfon of the maneuver point with Mach nuuiber. 
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Figure 10. - Variation of normal acceleration  wlth Mach number. Stab i l i zer  
set  for level flight a t  M = 0.8; = 65; al t i tude,  35,000 feet; center 

S 
of gravity, 0.18 mean aeroaynamic chord. 
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Figure U.- Variation of the  stabilizer  incidence  required for  level  
flight with Mach nmiber fo r  the  straight-wing  configuration. !! = 65; 
al t i tude,  35,000 feet .  

S 

Figure  12.-  Variation of the stabilizer incidence required for l eve l  
flight wlth Mach n M e r  f o r  the sweptback-wing configuration. = 65; 
altitude, 35,000 feet .  

iT 
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Figure 13.- Variation of  the s tab i l izer  maneuvering effectiveneea 

A (anlg)/bit with Mach nmiber. = 65; alt i tude,  35,000 feet; 
center of gravity, 0.18 mean aerodynamic chord. 
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Figure 14.- Varistion  of the drag  coefficient with Mach nmber for  the 
straight-wfng configuration. 
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Figure 15.- Variation of the drag coefficient with Mach rider for the 
mptback-wing configuration. 


